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Summary 
This investigation describes the development and validation of a test battery for evaluating physical activity restrictions 
(PAR) in patients with knee osteoarthritis (OA). The tasks on the final version of the PAR include (a) a 6-min walk; (b) 
a stair climb; (c) a lifting and carrying task; and (d) getting into and out of a car. Data from patients with knee OA revealed 
that the four tasks loaded highly on a single unrotated principal component yielding an alpha internal consistency 
reliability of 0.92. These data suggest hat investigators may choose to use an aggregate score and/or responses from 
individual tasks. Two week test-retest reliabilities for the four tasks were all in excess of 0.85 and there was support for 
their concurrent and convergent validity. Specifically, performance on the tasks correlated with time on treadmill, 
difficulty with self-reported ADLs, and ratings of difficulty following the performance ofeach task. Additional research 
is needed on the predictive validity of the measure and its sensitivity to change. 
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Introduction 
As EARLY AS 1928 the New York Hear t  Associat ion 
recognized the importance of evaluat ing the 
effects of disease on funct ional  capacity [1]. From 
a geriatr ic ian's perspective, one could argue that  
the assessment of funct ional  impairment and 
disabil ity is as cr i t ical  to medical care as the 
identi f icat ion of under ly ing pathology. For example, 
Gura ln ik  et al. [2] suggested that  'by understand ing 
funct ional  capacit ies of patients, caregivers are 
better  able to judge disease severity, the impact of 
mult iple morbid i ty  . (which is common in oldec 
individuals), and the  need for rehabi l i tat ion and 
support  services' (1989: M141). Fur thermore,  
physical disabil ity adversely affects the qual i ty of 
life and the independence of the older person, while 
increasing the risk for.morbidity and morta l i ty  [3, 4]. 
The issues surrounding funct ional  impairment 
and disabil ity are part icu lar ly  cr it ical  with 
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chronic diseases uch as osteoarthr i t is  (OA) of  the 
knee [5, 6]. As support  for this posit ion, Davis 
et al. [7] compared the self-reported phys ica l  
funct ioning of older subjects who had radiographic  
evidence of knee OA to asymptomatic  ontrols.  
After control l ing for age, race and length  of 
follow-up in gender-specific analyses, persons with 
knee OA were more l ikely than persons w i thout  
knee OA to report  diff iculty with 10 funct iona l  
activities: walking one-quarter  of a mile; going up 
and down steps; gett ing into and out of a 
bathtub, car or bed; standing up from a chair; l i ft ing 
and carry ing groceries; bending down and 
picking up clothes; runn ing  errands; and doing l ight 
chores .  
One method of evaluat ing physical  funct ion in 
patients with chronic diseases uch as knee OA has 
been the use of performance-based measures [8-10]. 
Unfortunately,  the content  for most existing tests 
has not been driven by an interest  in knee OA. 
Moreover, in most instances, exist ing measures have 
questionable val idity and rel iabi l i ty [4, 11]. Hence, 
the objective of the current  investigation was to 
develop and val idate a test battery for evaluat ing 
physical  activity restr ict ions (PAR) in pat ients with 
knee OA. Pincus and his col leagues [10, 12, 13] have 
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demonstrated the value of disease-specific perform- 
ance test ing in predict ing the morbidi ty and 
morta l i ty  of pat ients with rheumato id  arthr it is ,  
whereas Fisher and associates [14-16], have used 
stair climbing, chair s itt ing and walking tests to 
prove the efficacy of exercise intervent ions in 
patients with knee OA. The PAR could be viewed as 
an extension of previous work in this area [14-16], 
since the init ial  battery of tests for PAR included 
tasks for walking, stair cl imbing and chair sitting. 
However, based on input from focus groups we added 
tasks for l ift ing and carrying, gett ing into and out 
of a car, and bending over to retr ieve objects from 
the floor. More importantly,  we have provided 
extensive data on the val idity and rel iabi l i ty of these 
tasks. Also, we maintain that  self-report and 
performance measures represent  different units of 
analysis and that each offers important  informat ion 
on physical functioning. Thus, while our test 
battery requires the performance of specific 
activities, it includes behavior-specif ic measures of 
self-reported function; that  is, an assessment 
of perceived iff iculty fol lowing the performance of 
each task. 
EVALUATING PHYS ICAL  ACT IV ITY  RESTRICT IONS IN  
KNEE OA 
Our init ial test battery for evaluat ing physical 
activity restr ict ions (PAR) in patients with knee OA 
involved performance in six areas: a 6-min walk test; 
a stair climb; bending to pick up a peg at floor level; 
chair sitting; l i ft ing and carry ing a weight; and 
gett ing into and out of a car. Select ion of these 
part icu lar  tasks was based on a review of the 
l i terature in knee OA [e.g. 6, 7, 18, 19], focus groups 
with 15 patients who had varying degrees of 
self-reported isability, and several MDs who had 
expert ise in t reat ing patients with knee OA. 
Parenthetical ly,  the car task was not available at the 
UTM site and their  stair climb had nine steps as 
opposed to five steps (see the Appendix for a detai led 
descr ipt ion of the tasks and the protocol  for 
conduct ing the PAR). For each task, except the 
6-min walk, part ic ipants  were given a single 
pract ice trial, together with feedback regarding 
appropr iate and inappropr iate movement patterns. 
After complet ing each task, pat ients were asked to 
rate its difficulty. A single item, 10-point measure 
was used for this purpose and was formatted as a 
Methods 
PAT IENTS 
This investigation involved a series of analyses 
performed on basel ine data that  were col lected on 
440 patients (135 males and 305 females) who are 
part  of an ongoing cl inical tr ial  involving the 
efficacy of exercise as a nonpharmacolog ica l  
intervent ion for t reat ing OA of the knee- - the  
Fitness and Arthr i t is  in Seniors Tr ial  (FAST). FAST 
is a two-center cl inical tr ial  being conducted at 
Bowman Gray School of Medicine of Wake Forest 
University (WFU; N= 209) and the University of 
Tennessee at Memphis (UTM; N=231).  The two 
cohorts represent  community-based samples that  
were recru i ted through local advert isements and 
mass mailings. There are three exper imental  
conditions: aerobic exercise, st rength tra in ing and 
a heal th educat ion control  group. The mean (_+ S.D.) 
age of the patients is 68.8 years (_+ 5.6), the cohort  is 
26% Afr ican-American,  and 70% are women. 
El igibi l ity cr i ter ia for inclusion include all of the 
following: (1) radiographic evidence of knee OA on 
standing AP X-ray of the knees; (2) self-report of 
pain in the knee(s) for most days of the month; (3) 
difficulties in activit ies of ambulat ion and transfer  
due to  knee OA; and (4) age more than 60 years. 
Radiographs were read by a radiologist according to 
the San Francisco grading cr i ter ia [17]. Relevant 
demographic data can be found in Table I. 
Table I 
Demographics by site 
WFU UTM Total 
Variable (%) (%) (%) 
Gender 
Male 25.6 33.3 29.7 
Female 74.4 66.7 70.3 
Race 
Nonwhite 21.7 30.3 26.3 
Education 
< 12th grade 20.6 20.4 20.5 
12th grade 22.5 23.5 23.0 
> 12th grade 56.9 56.1 56.5 
Income 
<$10 000 22.1 20.2 21.1 
$10 000-$20 00 26.9 29.8 28.4 
$20 000-$35 000 26.4 22.8 24.5 
$35 000+ 24.5 27.2 25.9 
Comorbidities 
Heart disease 18.7 20.4 19.6 
High blood pressure ~i4.7 44.2 44.4 
Arthritis other areas 73.2 74.0 73.6 
Kidney disease 3.9 1.7 2.8 
Stroke 1.0 0.4 0.7 
Diabetes 9.7 8.7 9.2 
Cancer 10.1 2.2 5.9 
Lung disease 11.5 7.8 9.6 
Vascular disease 5.3 0.9 3.0 
Obesity* 51.2 54.6 53.0 
Difficulty with physical function 
Ambulation/climbing 89.5 94.3 92.0 
Transfer 84.7 89.1 87.0 
Upper extremities 89.5 93.0 91.3 
*Obesity = BMI > 30 
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ladder with 10 rungs  rang ing  from easy to very 
difficult. The very bot tom rung  was labeled 'Easy' ,  
and the 10th rung  was labeled 'Very difficult'. The 
verbal  anchor  'Average' appeared  between the 5th 
and 6th rungs. Pat ients  were asked to select he rung 
that  best descr ibed the level of diff iculty that  they 
exper ienced in per forming the task  in question. The 
tota l  t ime for complet ion of the s ix-task vers ion of 
the PAR is approx imate ly  35 min. It  is reduced to 
approx imate ly  25 rain when us ing only four tasks. 
FAST FUNCTIONAL PERFORMANCE INVENTORY 
The FAST Funct iona l  Per formance Inventory  is a 
sel f -report  measure  that  combines 23 quest ions from 
several  previous studies on act iv it ies of daily living. 
The specific quest ions and scor ing key can be found 
in Table II, a long with the scale that  was used to 
elicit perceived diff iculty with each activity. We 
recent ly  examined the factor  s t ructure  of this 
inventory on basel ine data col lected in FAST 
(N=237).  A var imax rotat ion  of the data matr ix  
yielded five dist inct dimensions: basic ADLs (e.g. 
dressing onself), complex IADLs (e.g. doing l ight 
housework),  ambulat ion  and cl imbing (e.g. c l imbing 
stairs), t ransfer  (e.g. gett ing in and out of a car), and 
upper  extremit ies  (e.g. l i ft ing heavy objects). All of 
the loadings for the individual  items on factors  in 
the var imax rotat ion were in excess of 0.40 and a lpha 
interna l  consistency rel iabi l i t ies for the five 
subscales were excellent: basic ADLs =0.73, com- 
plex IADLs = 0.84, ambulat ion  and cl imbing = 0.82, 
t ransfer  = 0.84, and upper  extremity  = 0.72. 
As expected, sel f -reported disabi l i ty from the 
FAST funct ional  per formance inventory was found 
to be corre lated at a low to moderate  level with 
measures  of  physical  funct ion (see Table V). 
Fur thermore ,  pat ients  who scored high in self- 
reported disabi l i ty in ambulat ion/c l imbing and 
t ransfer  reported cons iderably  more knee pain in 
associat ion with these movements  than  pat ients  
scor ing low in sel f - reported disabi l i ty (R=0.45-  
0.62). 
Table II ! 
The FAST  Functional Performance Measure* 
Subscalet Question 
A1 
A2 
A3 
A4 
T1 
T2 
T3 
T4 
T5 
C1 
C2 
C3 
C4 
C5 
UEI 
UE2 
UE3 
UE4 
B1 
B2 
B3 
B4 
B5 
Walking several blocks? 
Walking one block? 
Climbing several flights of stairs? 
Climbing one flight of stairs? 
Moving in and out of a chair? 
Moving in and out of a bed? 
Using the toilet including getting on and 
off the toilet? 
Getting in and out of a car? 
Bathing or showering? 
Doing light housework (such as washing 
dishes, dusting, etc.)? 
Participating in community activities uch 
as religious services, social activities or 
volunteer work? 
Visiting with relatives or friends? 
Taking care of a family member? 
Doing errands, such as grocery shopping or 
shopping for personal items? 
Lifting heavy objects? 
Lift ing or carrying something as heavy as 
10 pounds, such as a bag of groceries? 
Gripping with your hands? 
Raising your arms above your head (to 
comb your hair or put away groceries)? 
Preparing your own meals? 
Managing your money, such as paying 
bills? 
Using the telephone? 
Feeding yourself? 
Dressing yourself? 
*The scale for responding to each item is as follows: 1, Usually 
did with no difficulty; 2, usually did with little difficulty; 3, 
usually did with some difficulty; 4, usually did with a lot of 
difficulty; 5, unable to do; 6, usually did not do for other reason. 
tADL Subscales: A, ambulation/climbing; T, transfer; C, 
complex; UE, upper extremity; B, basic (scores are computed as
the mean for items answered on each subscale). 
between the values obta ined from the two di f ferent 
systems (R = 0.98). 
VO2PEAK 
Maximal  oxygen consumpt ion  was determined 
dur ing a graded exercise test with a modif ied 
Naughton  treadmi l l  protocol .  Gas exchange was 
measured  cont inuous ly  dur ing the test using a 
Medical  Graphics  CPX system. This system was 
ca l ibrated accord ing to the manufacturer ' s  instruc- 
tions. Pr ior  to testing, oxygen consumpt ion  values 
obta ined with this system were compared with those 
obta ined using a separate  set of analyzers and a 
Tissot tank.  There was no s ignif icant dif ference 
KNEE STRENGTH 
Knee extension muscu lar  s t rength  was tested 
through a jo int  range of mot ion  90 ° to 30 ° (note 0 ° 
is fui1 extension) at an angu lar  velocity of 30°/s 
using a Kin Com 125E isokinet ic  dynamometer .  A 
pract ice session was provided pr ior  to test ing  to 
hab i tuate  the pat ient  to the test ing envi ronment .  
Pat ients '  torsos and the involved th igh were 
st rapped to the test ing chair  with the pat ients '  arms 
folded across their  chests. The input  axis of the 
dynamometer  was a l igned with the knee joint.  Both 
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the left and right knees were tested with the least 
involved knee (fewer symptoms) tested first. Force 
and torque output were corrected for gravity based 
on the weight of the limb measured at a 45 ° angle. 
Two maximal effort trials that were similar in 
pattern and magnitude were averaged from a 
maximum of six trials to yield representative alues. 
The first and last 10 ° of motion were deleted from 
each torque reading to adjust for any possible 
acceleration and deceleration at the beginning or 
end of the range of motion. The variable analyzed 
was the average torque between 80 ° and 40 ° . 
This variable provided information concerning 
the performance of the knee extensors throughout 
the range of motion. Data from both legs were 
averaged to yield a single strength score. 
CONTENT VALIDITY AND INSTRUMENT DESIGN 
The initial objective in the design of the PAR was 
to identify a group of physical tasks that were 
representative of daily activities which typically 
cause difficulty for patients with knee OA. As 
mentioned previously, content validity for the 
test battery was determined using focus groups 
(patients with knee OA), a l iterature review, and 
evaluation of the final test battery by a group of 
physicians who were experienced in treating knee 
OA. There were four main themes that consistently 
evolved from discussions with patients. These 
included: (1) difficulties that occurred in ambu- 
lation/climbing stairs; (2) problems with transfer 
type activity (e.g. getting out of a bed, chair, or car); 
(3) bending over to retrieve objects from the floor; 
and (4) limitations in lifting and carrying objects 
(e.g. groceries, vacuum cleaners, or laundry). 
Indeed, the same or similar activities have been 
identified as problematic for patients with knee OA 
by a number of investigators [e.g. 6, 7, 18, 19]. As a 
result of these procedures and examination ofother 
performance measures in the OA and geriatric 
literature [12, 14-16, 20-24], we selected six tasks 
for our initial test battery. These included: (1) 
a 6-min timed walk; (2) a stair climb; (3) retrieving 
an object from the floor; (4) getting into and out of 
a chair; (5) lifting and carrying a light object; and 
(6) getting into and out of a car. This battery was 
judged to have good face validity by our panel of 
physicians. 
The first 25 patients who completed the test 
battery were asked if the tasks reflected the 
demands posed by physical act iv i t ies in their 
dayzto-day lives and to ident i fy  any important 
movement patterns or activities that might be 
missing from the test battery. There was unanimous 
support for the position that the six tasks had good 
external validity--i.e, they were related to the 
demands encountered in the patients' daily lives. 
Thus, based on the above criteria, we were confident 
that the PAR had good content validity. 
RELIABILITY,  FACTOR STRUCTURE AND INTERNAL 
CONSISTENCY 
Prior to examining the validity of the PAR, a 
critical question concerns the rel iabi l ity of the 
tasks. In other words, in the absence of any 
treatment, performance scores should be repro- 
ducible. In order to evaluate this aspect of the PAR 
test battery, we examined two sources of data. First, 
we conducted repeated testing of the PAR using a 
two-week interval between assessments. This was 
performed on 25 participants who had documented 
OA of the knee. As a second strategy we examined 
baseline and 3-month test data on 148 patients who 
were randomized to the FAST health education 
control group. During this 3-month period patients 
were actively involved in the health education 
intervention. 
In order to examine the factor structure of PAR 
we conducted a principal components analysis 
(PCA) [25]. PCA uses the intercorrelations between 
the tasks to determine if there is a single underlying 
theme or component to performance. Tasks that 
correlate 0.40 or higher on a common component 
contribute in a significant manner to the concept in 
question. Loadings of 0.60 or higher are considered 
to be very strong [25]. Furthermore, we computed 
alpha internal consistency reliabilities [26] to 
examine the internal consistency of the derived 
component(s) from the PCA analysis. 
CONCURRENT AND CONVERGENT VALIDITY [27] 
In the present study, concurrent validity involves 
a comparison of the tasks in the PAR with one or 
more measures of physical function that have 
established validity, yet are excessive in either cost 
or time for completion. 'Thus we hypothesized that 
individual task scores would be related to several 
established indices of physical dysfunction. These 
included: VO2peak, time on treadmill, and concentric 
strength in the knee. Additionally, we expected 
convergent validity between the tasks of the PAR 
and subscales from the FAST functional activities 
inventory as well as post-task ratings of difficulty for 
each task in the battery. Thus, convergent validity 
predicts that the tasks in the PAR should correlate 
with other known indices Of disability; in this case, 
self-reported level of dysfunction. 
Osteoarthritis and Cartilage Vol. 3 No. 3 161 
Table III 
Test-retest reliability of the PAR 
3-month data 
Task 
2-week R Baseline 
(N= 25) mean (S.D.) 
3-month 
mean (S.D.) 3-month R 
WFU cohort (N= 70) 
Stair climb (s) 0.93 10.21 (4.45) 
Pegboard (s) 0.50 4.15 (1.15) 
Chair-sit (s) 0.62 9.73 (3.68) 
Lift/carry (s) 0.92 9.79 (2.52) 
Car (s) 0.88 11.76 (4.84) 
6-min walk (ft) 0.87 1434.07 (330.10) 
9.75 (4.00) 0.75 
3.48 (1.23) 0.57 
8.69 (2.31) 0.57 
9.06 (2.46) 0.72 
10.50 (4.39) 0.82 
1448.45 (317.14) 0.86 
UTM cohort (N= 78) 
Stair climb (s) 
Pegboard (s) 
Chair sit (s) 
Lift/carry (s) 
6-rain walk (ft) 
17.51 (7.75) 
4.87 (2.43) 
9.22 (3.32) 
11.03 (2.68) 
1275.00 (285.16) 
17.28 (7.23) 0.87 
4.39 (1.69) 0.46 
8.94 (2.42) 0.59 
10.55 (2.40) 0.77 
1319.51 (258.84) 0.84 
Resul ts  
As shown in Table III, there is good 
consistency across the 2-week and 3-month test -  
retest rel iabil ity data. Four of the tasks - - the  stair 
climb, lift/carry, 6-min walk, and car - -have 
excellent independent  test - retest  reliabilities. 
Inspect ion of the means for the baseline and 
3-month assessments reveal that  there is a small, yet 
systematic improvement in performance across 
time. Whereas these data may reflect a small 
positive effect of health education, it is also 
possible that either motivat ional  or learning 
effects were present. Two of the tasks - - the  
pegboard and chair -s i t - -had poor test - retest  
reliability. Thus they were dropped from the test 
battery. Future research might be directed at 
modifying the procedures for these tasks to improve 
their stabil ity over time. 
Data from the PCA analysis conducted on the 
WFU cohort  (N= 203) produced a pr incipal  factor  
with the following loadings: 6-min walk = 0.88, stair 
climb = 0.91, l i f t ing/carrying = 0.87, and gett ing into 
and  out of a car=0.84.  This component,  which 
accounted for 76.8% of the var iance in the four tasks 
and had an alpha internal  consistency rel iabi l i ty of 
0.90, supports aggregat ing the tasks into a single 
score [25, 26]. Because investigators may not have 
access to the simulated car task, we also examined 
the factor loadings for a t~ree task composite score 
(N= 426) consist ing of the 6-min walk, stair  climb, 
and l i f t ing/carrying task. The PCA accounted  for 
77.5% of the var iance in these three tasks, y ielding 
an alpha reliabil ity of 0.82. The loadings were as 
follows: 0.90 for 6-min walk, 0.88 for stair climb, and 
0.86 for l i ft ing/carrying. While the three tasks 
provide a sufficient profile for the per formance 
capabil it ies of knee OA patients, addit ion of  the car 
Table IV 
Correlations of PAR task performance with selected markers of disability*t 
Indices of disability 
PAR tasks Composite scores$ 
6-min walk Stair climb Lift carry Car Four tasks Three tasks 
Time on treadmill 0.52 -0,30 -0.40 -0,45 -0.59 -0.60 
VO2poak (ml/kg per min) 0.53 -0.37 -0.38 -0.40 -0.54 -0.55 
Knee strength 0,60 -0.58 -0.58 -0.46 -0.61 -0.63 
FAST Functional' Performance Inventory 
Basic -0.24 0.30 0.24 0.03 0.24 0.24 
Ambulation/climbing -0.39 0.38 0.34 0.26 0.38 0.38 
Transfer -0.24 0.28 0.26 0.25 0.31 0.30 
Complex -0.37 0.35 0.30 0.20 0.34 0.35 
Upper body -0.32 0.31 0.38 0.26 0.38 0.38 
*For all correlations, with the exception of basic ADL and the car task, P < 0.01. 
tFor car N= 209. Strength data was acquired on a random sample of the entire sample. For these analyses N= 104. All 
other N ranged from 413 to 437. 
:~For the composites, tasks were assigned equal weights through standardization ofscores. 
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Table V 
Correlations of task difficulty ratings following performance of PAR tasks with selected markers of disability* 
PAR task difficulty ratings 
Indices of disability 6-min walk Stair climb Lift carry Car 
Time on treadmill -0.34 (-0.20) -0.31 (-0.17) -0.32 (-0.19) -0.33 (-0.17) 
VO2peak (ml/kg per min) -0.26 (-0.09) -0.31 (-0.12) -0.26 (-0.12) -0.29 (-0.16) 
Knee strength -0.15 (0.09) -0.51 (-0.20) -0.47 (-0.23) -0.22 (0.00) 
Subscales from FAST FAIr 
Basic 0.17 (0.10) 0.21 (0.03) 0.18 (0.09) 0.13 (0.12) 
Ambulation/climbing 0.40 (0.30) 0.48 (0.35) 0.28 (0.17) 0.39 (0.33) 
Transfer 0.26 (0.19) 0.36 (0.24) 0.26 (0.17) 0.40 (0.34) 
Complex 0.36 (0.26) 0.36 (0.20) 0.29 (0.20) 0.29 (0.24) 
Upper body 0.29 (0.20) 0.31 (0.17) 0.37 (0.25) 0.33 (0.24) 
*Zero order correlations are presented first with partial correlations inparentheses. These partial correlations control for 
the influence of task performance. 
tFAI = functional activities inventory. 
task enhances internal consistency and content 
validity of the test battery. 
Finally, as shown in Tables IV and V, each of the 
tasks from the PAR is significantly related in the 
expected irection to VO2peak, time on treadmill, 
knee strength, and measures of self-reported 
dysfunction. It is also interesting to note that VO2poak 
was most highly correlated with 6-min walking 
distance. In examining the data in Table V, one 
might question why the magnitude of the corre- 
lations of the composite PAR score with self- 
reported dysfunction in ambulation/climbing and 
upper body were similar~(R =0.38 in both cases). 
This seems to argue against he specificity of the 
PAR test battery. To the contrary, self-reported 
dysfunction i  the upper body includes ambulating 
with objects such as a bag of groceries. Clearly as 
knee OA becomes more severe there is a greater 
degree of dysfunction in lifting and carrying. 
Moreover, our observation is that patients with 
severe knee OA suffer general deconditioning due to 
a reduction of involvement in all forms of physical 
activity. 
Discussion 
Given the importance of functional impairment 
and disability in knee OA, a critical question to ask 
is: how does one assess and monitor the progression 
of physical dysfunction with this disease? One 
approach with an extensive history in the medical 
and geriatric~ l iterature is to have patients 
self-report the difficulty that they have in perform- 
ing various activities of daily living (ADLs) 
[19, 28-30]. Recently, however, a more sophisticated 
version of this methodology has developed whereby 
functional imitations are viewed from a multi- 
dimensional perspective. Thus, in addition to 
assessing difficulties in performing ADLs, instru- 
ments now allow investigators to evaluate dimen- 
sions such as social and psychological dysfunction 
[8]. In the arthrit is l iterature, there are several well 
accepted measures that have adopted a multi- 
dimensional view of functional imitations. These 
include, but are not limited to, the health 
assessment questionnaire [31], the arthrit is impact 
measurement scales [11], indices for assessing 
severity of hip (ISH) and knee disease (ISK) [32], and 
the Western Ontario and McMaster University 
Osteoarthrit is Index (WOMAC) [18]. For example, 
the ISK yields a composite score based on the 
presence of knee pain/discomfort, estimates of 
maximum distance walked, and perceived ifficulty 
with four common ADLs. The WOMAC, on the other 
hand, has scales to assess pain, stiffness, physical 
function, social function and emotional function. 
The second major approach used to evaluate 
physical function has been the use of objective 
performance t sts [24]. For example, as early as 1962, 
Robinson and Bashall developed a measure for 
assessing function in rheumatoid arthrit is patients 
[22], whereas in 1977 Kuriansky and Gurland 
published a paper entitled 'The performance t st of 
activities of daily living' [20]. Robinson and 
Bashall's test battery was actually designed for 
hospital assessments and it now appears that this 
instrument is more useful in identifying patient 
problems than in assessing improvement in function 
over time [22]. The limitation of the Kuriansky and 
Gurland test battery is that it was restricted to tasks 
related to an assessment of self-care capacity. In 
addition to the tasks employed in these performance 
batteries, a number of investigators have con- 
structed simulations of various activities in the 
home environment (e.g. opening jars and sweeping 
floors) in an effort to evaluate physical functioning 
[23]. Also, more recently Reuben and Siu developed 
and validated a performance t st battery for elderly 
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outpatients [24]. However, a general problem 
underlying many of these assignment tools is that 
they lack psychometric rigor [9]. For example, 
test-retest reliabilities have been very weak [23]. 
Moreover, a number of the tasks employed are 
irrelevant to dysfunction associated with knee OA 
and several authors have called for the development 
of disease-specific performance measures [9, 33]. 
The present investigation offers initial psycho- 
metric support for the PAR, a performance measure 
for use in investigations involving the study of 
disability and OA of the knee. The PAR consists of 
four tasks that can be scored independently or 
summed yielding an overall aggregate score (with 
or without the car task). At this point in the 
development of the measure, we recommend that 
analytical strategies include an examination of 
aggregate scores as well as performances on the 
individual tasks. Despite high loadings for the tasks 
in the principal component analysis, there was still 
considerable unique variance associated with each 
task. For example, the principal component 
captured 74% (0.862×100) of the variance in the 
lifting and carrying task; however, this represents 
74% of the variance captured by the unrotated 
solution, which accounted for 77% of the total 
variability in the four tasks. For the same reason, we 
believe it is premature to restrict attention to a 
single task; i.e. to adopt the position that because 
the four tasks load high on the unrotated factor 
structure that any one could serve as a global 
marker of disability. 
Upon closer examination of the reliability and 
validity data, several interesting observations can 
be made. First, although the four tasks that 
constitute the PAR have excellent reliability, 
performances on the chair and pegboard tasks were 
found to be very unstable and were eliminated from 
the test battery. The significance of these findings 
arises from the fact that other performance-based 
measures employ these or related tasks to assess 
physical function, yet fail to provide evidence for 
test-retest reliability [20, 23]. Although alternative 
experimental protocols may yield acceptable psy- 
chometric support for these types of tasks, there are 
serious problems in failing to evaluate the stability 
of measures simply because responses can be 
objectively defined; i.e. time or distance [23]. 
Second, although correlations between ~ask 
performance and self-reported indices of disability 
were in the expected irections, it is obvious that the 
measures are not redundant with one another. 
Contrary to existing views [2], we would not 
encourage investigators to adopt performance 
scores as the gold standard of disability. In fact, such 
a position is at odds with formal classification 
systems uch as those offered by the World Health 
Organization [34]. The implications of relying on 
performance to characterize disability are import- 
ant. For example, whereas some patients may 
demonstrate acceptable l vels of physical function- 
ing as measured by performance tasks, these 
criteria may be artificial due to such factors as the 
demand characteristics of the clinical sett ing and 
the patients' desire to please. These same patients 
may be disabled in daily roles (as measured by 
self-report) as a function of psychosocial deficits, 
environmental barriers, or an inability to sustain 
clinic performance levels on an ongoing basis. 
Conversely, other patients may perform relatively 
poorly on performance-based tasks, yet self-report 
relatively high functioning in their day-to-day 
activities [29]. Optimally, investigators may con- 
verge on the 'true' disability of patient populations 
by measuring both their perceptions ofperformance 
(the traditional ADL/IADL self-reports) and 
patients' performance in clinical settings. 
Third, there is evidence in the correlation matrix 
for the multidimensional nature of physical 
disability. For example, both performance and 
self-reported ifficulty ratings following the stair 
climb correlated most highly with ADLs for 
ambulation and climbing, whereas these responses 
for the lifting and carrying task were most closely 
associated with the upper body subscale of our ADL 
measure. These data support the position that 
measurement protocols in disability should target a 
broad range of functional abilities in both the upper 
and lower extremities. Furthermore, they under- 
score the strength of condition-specific models of 
disability [9, 33] and the importance of matching 
clinical interventions to the specific outcomes of 
interest [29]. 
In summary, PAR represents a performance-based 
measure of disability due to knee OA which 
reinforces the value of capturing self-reported levels 
of dysfunction. Although the initial data on i t s  
reliability and validity are very favorable, we 
encourage studies on its predictive validity and 
sensitivity to change. To this end, we are currently 
using the PAR in FAST, an 18-month exercise trial 
with older individuals who have knee OA. 
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Appendix 
DESCRIPT ION OF TASKS 
5:min walk 
In the 6-min walk test, subjects were asked to 
walk as far as they possibly could in 6 min. The test 
was per formed in an indoor  exercise facility. 
Pat ients  were asked to begin walk ing at the 
command 'Go'  and to cont inue walk ing unt i l  they 
heard  the command 'Stop' .  Pat ients  were not 
al lowed to car ry  a watch and were not  given any 
feedback dur ing the trial. Per fo rmance  was 
measured  as the tota l  d istance covered in feet. 
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Stair climb 
The stair climb involved ascending and descend- 
ing an isolated set of stairs that had a handrail. At 
WFU, the stair climb had five steps with a rise of 
17.78cm and a run of 30.48cm. There was an 
83.82 cm × 121.92 cm platform at the top. At the UTM 
site, the stair climb had nine steps with a similar rise 
and run. Patients began the task by standing on a 
line that was 27.24 cm from the first step with their 
hand placed on the handrail. When told to begin, 
they climbed to the top of the steps with their left 
hand on the rail and immediately turned around and 
climbed down using the same handrail. The task was 
scored as the total time to go up and down the stairs. 
Pegboard 
The pegboard task consisted of picking up an 
18.16 cm peg that was loosely placed in an upright 
position in an 18.16 cm x 18.16 cm x 4.54 cm wooden 
platform. The back edge of the platform was posi- 
t ioned so that it was 27.24 cm from a wall. This stra- 
tegy was employed to encourage patients to bend at 
the knees as opposed to bending at their waist. In the 
starting position, patients tood so that their foot 
on their dominant side was touching the front edge of 
the platform. When given the command 'Go', patients 
stooped, picked up the peg, stood upright, bent over 
and replaced the peg on the floor next to the platform 
(the peg could not be dropped), then returned to a 
start ing position. Patients were timed from the com- 
mand 'Go' until they completed the entire sequence. 
Chair sitting 
The chair sitting task at WFU employed an 
adjustable desk chair (no. 2220231; United Chair Co., 
Bruce, MS, U.S.A.) that was placed against a wall 
and monitored by a technician to insure that its 
position remained stable throughout performance 
of the task. Prior to task performance, the seat 
height was adjusted so that the angle at the knee 
joint was 90 °. At the UTM site, the chair was similar, 
but did not allow for adjustable seat heights. 
Patients began the task by sitting in the chair 
with their arms and hands placed on the armrests. 
At the command 'Go', patients tood erect and then 
sat down. They completed this movement pattern 
three times without stopping and received a 
performance score for the total time to complete the 
three standing-sitt ing sequences. 
Lifting and carrying 
The lifting and carrying task consisted of two 
movable shelves affixed to brackets on a wall, a 
starting line which was 272.4 cm from the wall 
(located at the center of the shelf), and a cone 
positioned 435.84 cm from the wall directly behind 
the starting line (located 81.72 cm to the left of 
center). Pr ior to the start of the task, the shelves 
were adjusted so that the lower shelf was aligned 
with the center of the patella, whereas the top shelf 
was aligned with the acromion process of the 
scapula. At the command 'Go' patients walked over 
to the shelves (the top shelf was tipped up to prevent 
accidental injury), picked up a 22 kg weight with 
both hands that was located on the bottom shelf, 
turned and carried the weight around the cone back 
to the wall, where they then placed the weight on the 
topshelf. This was a timed task that was terminated 
when the weight struck the top shelf. 
Getting into and out of a car 
The final task involved getting into and out of a 
car. To provide control over performance of this 
task, we had a mock-up of a 1988 Dodge Valiant built 
by a metal shop (the specifications are available 
upon request). Part icipants began the task by 
placing their toes on a starting line that was 
positioned 27.24 cm from the door with their r ight 
hip aligned with the edge of the door. At the 
command 'Go' patients opened the door, got into a 
bucket seat, closed the door, re-opened the door, and 
stepped out immediately moving to an erect 
standing position. The task was timed from the 
command 'Go' until the sequence was completed 
and patients were standing erect next to the car. 
(This task was not available at the UTM 
performance site.) 
PROTOCOLFOR THE PAR 
General instructions 
'The tasks you are about to perform measure how 
well you can do some common daily activities. 
Before you do each task I will read some 
instructions to you, demonstrate he task, and then 
let you practice it once. At no time during the tasks 
will I provide you with encouragement or feedback; 
however, it is important hat you give your best 
effort. There are also a number of questions you will 
be asked to answer.' 
Task 1: Six-minute walk 
1. 'For this test, you will be asked to walk as far 
as you possibly can in 6 minutes. You will be asked 
to begin walking at the command "Go" and follow 
the yellow line around the gym until I say "Stop". 
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At that  point, stay where you are and I will record 
the distance that you have walked. If  you exper ience 
chest pain, breathing problems, or severe knee pain, 
le t  me know immediately.  It  is important  hat  you 
walk for the ent i re 6 minutes if possible. If  you are 
wearing a watch, you may give it to me at this t ime 
because you will not be permit ted to wear it while 
walking. During the test, you will not be given any 
feedback regarding how much time has passed or 
remains so keep going unt i l  I say stop.' 
2. 'Do you have any questions?' 
3. Once the pat ient  clearly understands what 
they are doing say to the patient: 'O.K. now, when I 
say the word "Go",  I would like you to walk as far 
as you can in 6 minutes. Ready, "Go". '  Record the 
patient's distance on the form provided. 
End of 6-rain walk  task. 
Task 2: Stair  climb 
'For this task please begin by standing at the 
bottom of the stairs, with your left hand on the 
handrai l  and your  toes on the line on the floor at the 
bottom of the stairs. At the word "Go",  please climb 
the stairs to the top so that  both feet are on the top 
platform. Without any pause, turn  around and climb 
down using the same handrai l .  All this will be timed, 
from the command "Go"  unt i l  both feet are once 
again back on the floor, so do the whole task as 
quickly as possible. You must use the handrai l  and 
climb only one step at a time. As with any type of 
exercise there is a possibi l i ty that  you will develop 
shortness of breath or chest pain. Let me know 
immediately if you exper ience either of these 
symptoms.' 
1. 'Before we begin there are a couple of questions 
I would like you to answer. Do you ever have chest 
pain while cl imbing stairs?' Record the response on 
the form provided. If the pat ient  answers yes, defer 
stair climb unti l  c learance from treadmil l  test 
results. If  the pat ient  answers no, then continue. 
2. 'Now I will do the task for you and let you try 
it for practice.' 
3. 'Do you have any questions?' 
4. Once the pat ient clearly understands what 
they are doing say to the patient: 'O.K. now, when I 
say the word "Go",  I would like you to do this task 
as quickly as you can. Ready, "Go". '  Record the 
patient's t ime on the form provided. 
5. Once subjects complete the cl imbing sequence 
have them sit down immediately and rate how 
demanding the task was on a 1-10 diff iculty scale 
(next to 1 there is a verbal anchor  'easy', between 4
and 5 there is a verbal anchor  'average', and next to 
10 there is a verbal anchor  'extremely difficult'). 
End of stair c l imbing task. 
Task 3: Pegboard 
'F i rst  I need to know which hand you would use 
if I asked you to throw a ball. This is the hand you 
will use in the next task which involves bending over 
and picking up a peg.' 
Record response on the form provided. 
'When you do this task stand with the toe of your 
shoe touching the pegboard located near  the wall. 
If you are going to use your r ight  hand to pick up the 
peg this should be your r ight  foot. When I say "Go",  
bend down, pick up the peg, stand up straight, then 
bend down again and place the peg on the pegboard. 
You will be t imed from the command "Go"  unti l  the 
peg is on the pegboard. I will t ime you, so do the task 
as quickly as possible.' 
1. 'Now I will do the task for you and let you try 
it for practice.' 
2. 'Do you have any questions?' 
3. Once the pat ient  clearly understands what 
they are doing say to the patient: 'O.K. now, when I 
say the word "Go",  I would like you to do this task 
as quickly as you can. Ready, "Go". '  Record the 
patient's t ime on the form provided. 
4. Once subjects complete the pegboard sequence 
have them sit down immediately and rate how 
demanding the task was on a 1-10 diff iculty scale 
(next to 1 there is a verbal anchor  'easy', between 4
and 5 there is a verbal anchor  'average', and next to 
10 there is a verbal anchor  'extremely difficult'). 
End of pegboard task. 
Task 4: Chair sit 
'For this task please begin by sitt ing in the chair 
with your hands on the arms of the chair. When I say 
"Go",  I want you to stand up straight, and then sit 
down again r ight away. I will t ime how long it takes 
for you to stand up and sit down three times without  
stopping, so do this task as quickly as possible. Also, 
I will count  the number  of t imes you have done the 
task out loud, so there is no need for you to worry 
about keeping track of this as you perform the task.' 
1. 'Now I will do the task for you and let you 
try standing up and sitt ing down one time for 
practice.' 
2. 'Do you have any questions?' 
3. Once the pat ient  clearly understands what 
they are doing say to the patient: 'O.K. now, when I 
say the word "Go",  I would like you to do this task 
as quickly as you can. Ready "Go". '  Record the 
patient's t ime on the form provided. 
4. Once subjects complete the chair sit sequence 
have them sit down immediately and rate how 
demanding the task was on a 1-10 diff iculty scale 
(next to 1 there is a verbal anchor  'easy', between 4
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and 5 there is a verbal anchor 'average', and next to 
10 there is a verbal anchor 'extremely difficult'). 
End of chair sitting task. 
Task 6: Getting into and out of a car (blueprints 
describing the dimensions and design of the car are 
available by request) 
Task 5." Lifting and carrying 
'For this task start with your toes on the line, and 
when I say "Go", walk over to the lower shelf, pick 
up the weight with both hands, carry it around the 
cone, and then put it up on the higher shelf. I will 
be timing you from the word "Go" until the weight 
is on the higher shelf, so do this task as quickly as 
possible.' 
1. 'Now I will do the task for you and let you try 
it for practice.' 
2. 'Do you have any questions?' 
3. Once the patient clearly understands what 
they are doing say to the patient: 'O.K. now, when I 
say the word "Go", I would like you to do this task 
as quickly as you can. Ready, "Go".' Record the 
patient's time on the form provided. 
4. Once subjects complete the lifting and 
carrying sequence have them sit down immediately 
and rate how demanding the task was on a 1-10 
difficulty scale (next to 1 there is a verbal anchor 
'easy', between 4 and 5 there is a verbal anchor 
'average', and next to 10 there is a verbal 
anchor 'extremely difficult'). 
End of lift and carrying task. 
'The final task involves getting into and out of a 
car. To begin, stand with your toes on the line drawn 
on the floor. At the command "Go", open the door 
and get into the car seat, closing the door behind 
you. Without wasting any time, open the door and 
get out of the car and stand up. You will be timed 
from the command "Go" until you complete the task 
and have both feet on the floor in a standing 
position. You do not need to close the door after 
getting out of the car.' 
1. 'Now I will do the task for you and let you try 
it for practice.' 
2. 'Do you have any questions?' 
3. Once the patient clearly understands what 
they are doing say to the patient: 'O.K. now, when I 
say the word "Go", I would like you to do this task 
as quickly as you can. Ready, "Go".' Record the 
patient's time on the form provided. 
4. Once subjects complete the car task sequence 
have them sit down immediately and rate how 
demanding the task was on a 1-10 difficulty scale 
(next to 1 there is a verbal anchor 'easy', between 4
and 5 there is a verbal anchor 'average', and next to 
10 there is a verbal anchor 'extremely difficult'). 
End of car task. 
